IMPORTANCE Prompt bystander cardiopulmonary resuscitation (CPR) improves the likelihood of surviving an out-of-hospital cardiac arrest. Large regional variations in survival after an out-of-hospital cardiac arrest have been noted.
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Supplemental content at jamainternalmedicine.com communities, overall survival has remained at 7% to 9% annually for the past 30 years. [2] [3] [4] [5] However, the rates of OHCA incidence and survival vary significantly across geographic regions. For example, according to Resuscitation Outcomes Consortium observational data, survival of OHCA in Alabama counties is 500% lower than the rates in Seattle and Washington's suburban King County. 4 Cardiopulmonary resuscitation (CPR) performed by bystanders is a critical step in the chain of interventions for OHCA survival, with early initiation dramatically improving OHCA outcomes. [6] [7] [8] Every 1-minute delay in initiating CPR is associated with a 10% decrease in survival. 7 Nevertheless, rates of bystander CPR vary from 10% to 65% in observational studies, [2] [3] [4] 9 with the lowest reported rates being in rural, minority, and low-income communities. [10] [11] [12] [13] [14] A recent American Heart Association (AHA) consensus statement called for an increase in bystander CPR training among communities. 15 Currently, very little is known about CPR training patterns in the United States, but this information could be invaluable for understanding how to increase bystander CPR rates. We used data from several major US CPR training programs sponsored by the AHA, American Red Cross (ARC), and Health & Safety Institute (HSI) to examine patterns of annual CPR training in the United States. We also examined the degree to which county demographic, geographic, and health care factors were associated with low rates of CPR training.
Methods

Data Sources
Our study was submitted to the Duke University Health System Institutional Review Board and was determined to be exempt from review. For this study, we used data from the AHA, ARC, and HSI to determine rates of CPR training throughout the United States. To access this information, we obtained data use agreements according to Duke University research practices. Training data from the AHA, which were available at the county level, were based on course completion cards and community CPR products sold in the United States. Because 97% of the AHA training data were course completion cards that are distributed to a single individual ( 16, 17 As a result, with the sale of these products, the AHA applies a multiplier of 2.5 to each kit sold to estimate regional training.
The ARC database tracks persons trained in CPR; these data are collected by 616 regional offices, are maintained by the ARC national headquarters, 18 are available at the zip code level, and are largely divided by professional (CPR/automated external defibrillator training for professional rescuers and health care providers) vs lay (first aid/CPR/automated external defibrillator training) rescuer programs. The professional program provides BLS training, whereas the lay rescuer program provides certification for the workplace and for lay responders who require certification. Information obtained from HSI was based on product sales data distributed to regions in the United States. The HSI comprises 2 training companies: the American Health & Safety Institute and Medic FirstAid. All HSI products are based on certification cards; therefore, we assumed that 1 product sold equated to 1 person trained. Training is based on layperson BLS, PALS, and ACLS certifications. The lay training program is largely based on workplace training. These data were available at the zip code level.
For the primary analysis, we assumed that persons trained in ACLS or PALS concomitantly received BLS training in the same year. Therefore, to limit the chances of a single individual's training being counted twice, we excluded ACLS and PALS training provided by the AHA and HSI. We did not apply these exclusions to the ARC because BLS training is the most advanced level of training offered by this organization. To account for alternate possibilities, we performed a sensitivity analysis, which included the entire data set of the ACLS and PALS.
County-level demographic, geographic, and health care information were obtained from the Area Resource File, 19 
Definitions
Rates of CPR training for each county were calculated as the estimated number of residents trained by the AHA, ARC, and HSI divided by the overall county population aged 15 to 80 years. We chose this age group to exclude children and the elderly because they would not typically be targets of CPR educational programs. We considered all counties in each of the 50 US states and Washington, DC. We excluded counties in Puerto Rico and the US Virgin Islands. We also excluded AHA and ARC training data that could not be mapped to a specific county or zip code (13.1% of the data set).
Statistical Analysis
In a cross-sectional ecologic study design, we examined variability in county-level rates of CPR training and determined factors associated with low rates of CPR training. We defined tertiles by consecutively ordering counties (based on rates of CPR training) from lowest to highest. We then grouped our data into tertiles (lower, middle, and upper). Because previous data were not available to establish what could be considered low rates of training, we defined low rates as the range of data in the low-est tertile (<1.29%). Tertiles also allowed easier display of the baseline characteristics of counties in lower vs other tertiles. A choropleth map was created using county-level concentrations of CPR training by tertiles. The Getis-Ord Gi* test was used to determine geographic areas of spatial clustering. 20 We compared county-level characteristics across tertiles using Kruskal-Wallis tests for categorical row variables and χ 2 test rank correlation statistics with 2 df for ordinal and continuous row variables. To account for outliers, counties with rates of CPR training greater than 15% were truncated at 15% (3.3% of the primary analysis data set), the point at which only a few counties were represented in each training rate category. This cut point was determined after examining the histogram of training rates.
We used logistic regression to determine factors associated with counties in the lower tertile of CPR training rates. County-level variables included in the analysis were the percentage of male residents; median age; percentage of black, Hispanic, and Asian residents; median household income; percentage of residents who had completed a college-level education; percentage of rural population; rate of mortality due to heart disease; number of physicians; and geographic region. Geographic regions were divided into the Northeast, South, Midwest, and West. The percentage of residents living in poverty was not included in the final model because of the high correlation with median household income. Percentage data and income variables in the regression analysis were modeled continuously and are reported by percentage point change in variable, which was defined as the arithmetic (absolute) difference between 2 percentages. We used the Wald χ 2 test to determine the strength of each variable's association with the outcome. Missing rates for each variable included in the model were minimal (<0.3%) and were imputed to the tertilespecific median. The primary analysis was performed without accounting for ACLS and PALS training, as discussed previously; the secondary sensitivity analysis included all CPR training. A third sensitivity analysis compared the lower tertile with the middle and upper tertiles to determine if the strength of associations increased in parallel with disparity in training rates. For this analysis, the proportional odds assumption was violated, so 2 separate models were constructed comparing (1) the middle and lower tertiles and (2) the upper and lower tertiles. Finally, we assessed factors associated with continuous training rates using Poisson regression accounting for overdispersion. All statistical tests were 2 sided, with a P value of <.05 indicating statistical significance. Analyses were performed using commercially available software (SAS, version 9. The median annual CPR training rate in our cohort for all US counties was 2.39% (25th-75th percentiles, 0.88%-5.31%) and ranged from 0.00% to less than 1.29% (median, 0.51%) in the lower tertile, 1.29% to 4.07% (median, 2.39%) in the middle tertile, and greater than 4.07% (median, 6.81%) in the upper tertile counties. Of those counties in the lower tertile of CPR training, 57.0% were located in the South ( Table 1) . As illustrated by Figure 1 , we observed substantial and important geographic variability in CPR training across the country. Clustering of lower rates of CPR training were observed in the South and Midwest; clustering of higher rates of CPR training were found in the Northeast and eastern Midwest and along the Pacific coast ( Figure 2) .
Using univariate analyses, we determined that counties in the lowest tertile for rates of CPR training had lower population densities (median, 24.0 vs 44.1 and 92.7 persons per square mile [P < .001]) and more rural populations (median, 82.8% vs 60.7% and 38.6% [P < .001]) compared with counties in the middle and upper tertiles of CPR training, respectively. Counties in the lower tertile for CPR training had significantly lower median percentages of residents with at least a college degree (12.1% vs 14.4% and 17.7% [P < .001]), lower median household incomes ($38 087 vs $43 358 and $45 267 [P < .001]), and higher median percentages of residents living in poverty (16.3 vs 13.5% and 13.5% [P < .001]) compared with county residents in the middle and upper tertiles of CPR training, respectively. Compared with counties from the upper 2 tertiles, lowertertile counties also had significantly fewer physicians and hospitals and higher rates of mortality due to heart disease (208.0 vs 195.8 and 191.2 per 100 000 persons [P < .001], respectively) ( Table 1) .
After multivariable adjustment, several factors remained independently associated with counties in the lower tertile ( Table 2) , with the strongest factor being the proportion of rural residents in a given county. For every 5-percentage point increase in the rural population composition, the odds of being in a lower-tertile county increased (adjusted odds ratio [ After including training in ACLS and PALS, the total number of residents who received CPR training increased by 1 217 848 to a total of 14 340 961 persons trained, of which ACLS represented 9.5% of AHA training and 0.9% of HSI training and PALS represented 3.2% of AHA training and 0.4% of HSI training. The median training rate for counties in the United States increased to only 2.45%, with lower, middle, and upper tertile median rates of CPR training of 0.52%, 2.45%, and 7.18%, respectively. Multivariable factors associated with the lower tertile of CPR training remained unchanged from the primary analysis (Supplement [eTable 1]).
Discussion
To our knowledge, this study represents the first national study of rates of CPR training in the United States. Overall, training rates were low (median, 2.39% per year) and highly variable among US counties. Factors associated with lower rates of CPR training included increasing proportions of residents living in rural areas, high proportions of black or Hispanic residents, lower median household income levels, fewer physicians, and geographic region. Our findings may help explain known variability in the use of bystander CPR and survival of OHCA.
Previously published data on regional CPR training in the United States have primarily been limited to small household-and population-based survey data. [21] [22] [23] [24] Nevertheless, these data only examine prevalent training rates, and most respondents had their last CPR training 5 to 10 years before administration of the survey. In contrast, our study examined current incident patterns of annual training, thereby making our data more likely to assist in the identification of geographical gaps in CPR training and to inform public policy about future training efforts. Our study found that several county-level demographic and geographic factors are associated with the odds of being in a county with a lower tertile of CPR training. The strongest factor associated with low rates of CPR training was a high proportion of rural residents. Rural population was defined in the census data by a process of exclusion: all population, housing, and territory not included within an urban area and typically inhabited by fewer than 2500 persons. 25 Studies of OHCA in rural areas have consistently shown uniformly poor survival after cardiac arrest-a finding usually attributed to the lack 
Upper tertile
This map shows the tertiles of CPR training levels for each county in the United States. Lower-tertile counties had rates of CPR training ranging from 0.00% to less than 1.29% (median, 0.51%); middle-tertile counties, from 1.29% to 4.07% (median, 2.39%); and upper-tertile counties, greater than 4.07% (median, 6.81%).
without also addressing longer ambulance arrival times. Rather, policy efforts by national associations and federal organizations are needed to address the entire "chain of survival" for prehospital care, including transfer to a tertiary care hospital for rural community residents who experience OHCA. Future trials are needed to determine cost-effective and efficacious interventions for rural communities.
Individual and neighborhood socioeconomic status are associated with bystander CPR use. In a prior study, Vaillancourt et al 11 found that patients who experienced cardiac arrest inside their homes and were of lower socioeconomic status (measured by individual property value) were significantly less likely to receive bystander CPR compared with those of higher socioeconomic status. Recent data found an additive effect between race and neighborhood median household income: black communities consisting of lowerincome households are more likely to have lower rates of bystander CPR than white communities consisting of higher-income households. 12 In our study, counties with lower median household incomes were also significantly associated with lower CPR training. This finding may be driven by the fact that lower median household incomes often parallel jobs that do not require CPR training and the lack of CPR awareness campaigns in these communities. Communities with higher proportions of black and Hispanic residents have been shown to deliver bystander CPR less frequently despite the higher incidence of OHCA in this population. 13, 27, 28 Our study found an association between counties with high rates of black and Hispanic residents and lower rates of CPR training. Although we cannot know from our analysis who is being trained in a county, the finding of low training rates overall in these areas may account for the lower use of bystander CPR in minority populations. Simple target interventions could improve the recognition of OHCA and the availability of citizens to perform this life-saving intervention. Finally, in our study, counties with fewer physicians had lower rates of CPR training. Limited physician availability may reflect areas without major health care institutions and CPR programs.
There is significant regional variation in the incidence and outcomes of OHCA. 4, 5, [29] [30] [31] The variability in OHCA outcomes is far greater than the variability in stroke or ST-segment elevation myocardial infarction outcomes across the United States. 1 In our study, we demonstrated significant variability in incident rates of CPR training. Some of the factors associated with this variability overlap with factors previously found to be associated with variation in bystander CPR use (ie, black race, Hispanic ethnicity, and median household income). As a result, lower county-level rates of CPR training may, in part, contribute to the lower use of bystander CPR and consequently lower rates of OHCA survival. At present, no county-level data on OHCA or OHCA survival rates in the United States are available; however, we found that counties with low rates of CPR training had disproportionately higher rates of mortality due to heart disease. Although these data cannot directly link low levels of CPR training with low rates of OHCA survival, they suggest that CPR training may not occur more intensively in populations with a high density of heart disease (ie, populations at highest risk for OHCA). Given population data suggesting that bystander CPR could double the chances of an in dividual's survival, 3 programs providing simple and inexpensive CPR training that target vulnerable populations could markedly reduce inequalities in outcomes after OHCA. 15 Our study had several limitations. First, zip code data for AHA and HSI represent the place where CPR products are shipped (eg, training centers), not the home addresses of participants. We assumed that people lived in the county in which they were trained; as a result, rates of CPR training can be overestimated or underestimated. Second, we were unable to link 13.1% of data owing to a lack of or to invalid mapping (eg, zip 
Conclusions
Current rates of CPR training in the United States are low, with significant variability among counties. Reasons for overall observed low annual rates of CPR training may be secondary to a lack of knowledge of CPR training opportunities, unavailability of CPR training organizations in the geographic areas, inability to afford the training courses, or longer travel times. Efforts are needed to improve rates of CPR training in all counties but particularly those in the Southern and Western regions and in those with high rates of rural population and lower median household incomes. Future research should be directed toward understanding whether targeted and intensive CPR training will narrow existing disparities in rates of bystander CPR and OHCA survival in these vulnerable communities. With regard to rural areas, more studies are needed on interventions that target the entire chain of survival.
